Abstract This paper explains how successful innovation systems interact with trade and global value chains (GVC) participation to foster learning and technological upgrading. It conducts an empirical investigation of 74 developing countries for 3 years, 2000, 2005 and 2010, to show that, while some countries manage to trade and export across a large number of technological export categories, many remain embedded in the export of low technology goods with little movement technologically. The analysis looks at why this is the case and what factors account for how firms are able to leverage trade to learn and upgrade in some instances, but not all. The results show that the ability to technologically diversify across export categories is linked to stronger innovation systems, as measured by national capability indicators, such as public R&D investments, scientific publications, intellectual property payments and patents by residents. The results also confirm the rise of several outperforming countries, the emerging economies. We conclude that, in successful, outperforming countries, firms rely on several attributes of the innovation system to leverage knowledge flows within and outside of GVCs to build export capacity and diversify horizontally into new GVCs.
Introduction
Global value chains (GVCs) have become the central mechanism for trade and investment in the world economy today. According to recent estimates, production today is unprecedentedly fragmented and conducted within GVCs, which accounted for 85% of total global trade in 2016 (UNCTADStat 2017) . 1 This re-organization of production through GVCs transforms international trade dynamics from operating predominantly at the level of countries to operating between firms, where each firm adds value in a sequential fashion or trades in intermediate products that serve as inputs into final products elsewhere (Flento and Ponte, 2017; Ponte and Sturgeon, 2014) . A new actor -the lead firm -upends the production process as we know it in the traditional sense, creating new forms of interfirm relationships along the chain, thus also determining access to international markets, access to technologies and capabilities building (Gereffi, 1999; Pietrobelli, 2008; Pietrobelli and Rabelloti, 2011) .
These changes carry profound implications for all countries in general, and developing countries in particular, given the central role of technological change in structural transformation, catch-up and economic development (Johnson and Noguera, 2012; Suder et al, 2015) . Although the literature on GVCs has focused on many aspects of this dynamic, including looking at how the fragmentation of production impacts upon industrial organization and employment, the research has predominantly emphasized these results for developed countries (Foster-McGregor et al, 2015) . Studies have tended to assume that lead firms generally have positive impacts on other firms that participate in GVCs in terms of enabling them to upgrade and supply products and services to global markets (Gereffi, 1999; Sturgeon et al, 2008) . 2 Extending the analogy further, more recent GVC analyses have argued that value chains could present a rare option for local firms and suppliers not only to access new markets but also to access new technologies (Pietrobelli, 2008) , identifying different kinds of possibilities for learning (Pietrobelli and Rabelloti, 2011) . It has been proposed that GVCs may provide an ideal opportunity for smaller firms in developing countries to specialize in niche product categories, instead of struggling to build capabilities to master entire production systems (Baldwin, 2012) .
Although many of these outcomes can be substantiated by evidence, the full range of effects that GVCs can have on countries at different levels of development are yet to be understood. Until now, most work on GVCs in developing countries has taken the form of case studies of firms in different sectors, and the inferences differ, based on the value chain and country in question. 3 However, many of the studies converge on one point, namely, the important role played by national innovation systems in enabling learning not only at the firm level but also at the sector or industry level. For example, studies of GVCs in East Asian countries have found that local firms are able to leverage learning from GVC participation to extract sector-and economy-wide effects (Estevadeordal et al, 2013; Feenstra and Hamilton, 2006; Lee, 2013) , but the studies found that the learning effects were made possible mainly because of supportive incountry institutions and cohesive policy frameworks to promote innovation and capabilities building. Other case studies of GVCs that have looked at difficulties for upgrading often conclude the inverse: that reasons underlying why local firms benefit, or fail to benefit, from GVCs are more systemic (see, for example, Baffes, 2006; Gereffi, 1999; Gibbon and Ponte, 2005; Ponte, 2002) .
The underlying systemic factors that allow/hinder firms from building capabilities have been studied extensively in evolutionary economics, and, more recently, using the innovation systems approach. Innovation studies have sought to analyze why firms fail to learn, even when Ó 2018 The Author(s) 0957-8811 The European Journal of Development Research exposed to knowledge-based opportunities within or outside the economy, highlighting a range of systemic factors that dictate how firms perform and make use of knowledge from internal and external sources for adaptation, use and innovation. These systemic features of an innovation system derive from strong and supportive institutions (or the lack thereof), which foster inquisitiveness and exploration, learning linkages and capabilities formation at the collective level. By extension, they also dictate how able firms are to absorb technologies and tacit know-how in their day-to-day transactions (Cohen and Levinthal, 1990) . Thus, institutions build social capabilities (Gerschenkron, 1962) through the provision of a system of education and the availability of trained labour, as well as technological capabilities (Ernst and Kim, 2002) by providing for public research and development (R&D) institutes, universities and university centres of excellence, among other things (Amsden and Chu, 2003; Ernst and Kim, 2002) . Many scholars have also emphasized the linkage building aspects of such institutions, which depend on policy support that promotes institutional cohesion and collaboration, further supporting the emergence of capabilities (Fagerberg and Srholec, 2009a, b) .
Viewing these insights from GVC studies and innovation studies as part of a broad, and more traditional, discourse on economic development, the question is: How can trade -and opportunities generated through trade, such as GVCs -promote structural change and sustained economic growth in developing countries? The answer to this question is not easy and calls for an assessment of learning and capabilities building at a more aggregate (macro) level in countries. Recent empirical and theoretical advances from that perspective suggest that what countries export matters (Haussmann et al, 2007; UNCTAD, 2016) . However, the export basket of a country is dictated by the presence of support structures that foster the capabilities of local firms to innovate and create complex technological products of the kind that generate manufacturing value added (Balland and Rigby, 2007; Hidalgo et al, 2007) .
This article combines the central tenets of all these three approaches to understand how GVCs and national innovation systems interact to shape the ability of firms to create manufacturing value added and export capacity across complex technological categories. 4 We build our argument thus: local technological capabilities are instrumental to the way in which manufacturing value added is generated across sectors in developing countries. These are determined by systemic factors which shape technological capabilities building within innovation systems, such as the capacity of the public research institutes to support industry (as evidenced by public expenditure on R&D), the scientific capacity of institutions to engage in industrial and academic research (as evidenced by scientific and journal publications) and the ability of local firms to engage in R&D and innovation (as evidenced by patents granted to residents or by licensing activities of local firms), among other things. These capability indicators show the strength of the innovation system in which the firms operate (Fagerberg and Srholec, 2008; Oyelaran-Oyeyinka and Gehl Sampath, 2007) . When national innovation institutions are strong, the firms are ready and able to absorb technological know-how, assimilate learning processes through interactions, technologically upgrade and add value domestically in all sectors (particularly in manufacturing), which supports structural change. Case studies of successfully industrializing countries exemplify this. In South Korea, for example, in sectors where local firms were able to leverage and benefit from GVCs and facilitate export-led growth, local institutions played a fundamental role. They not only dictated how firms integrate into and benefited from GVCs but they also helped firms channel these learning benefits to create broader sectoral and industrial spillovers or to move into other kinds of production frontiers when GVCs were not entirely conducive (Hobday, 1995; Lee et al, 2017) .
In our analysis, we use trade data (trade in manufactured goods classified into technological export categories using the Lall, 2000 Lall, 1992 Lall, , 2004 and (2) the ability of countries to benefit from integration into trade more broadly, including GVCs, than what is being explored in GVC studies. A thorough consideration of issues from a trade and technology perspective, we argue, can provide an alternate assessment of the circumstances under which the beneficial effects of GVCs for learning and technological upgrading can materialize. The analytical focus is on the manufacturing sector and the dependent variable is manufacturing value added (MVA). The empirical analysis looks at how the national capabilities indicators that determine the strength of the national innovation system explain the existence (or absence) of MVA in different technological sectors in developing countries. ''Understanding GVCs and Upgrading in the Broader Context of Economic Development'' section of this article describes the relationship between GVCs, technological capabilities and economic development, homing in on the key variables relevant to this investigation. In our empirical analysis in ''Empirical Analysis'' section, we construct a dataset of 78 developing countries for all these variables. However, data inconsistencies for these countries prevented the creation of a balanced panel over time. In order to prevent any adverse impacts on the results, we ran the regressions for 3 years as snapshots, namely, 2000, 2005 and 2010 , in order to draw conclusions about how and which national capabilities indicators condition the technological export categories that countries sustain over time. Our findings suggest a synergistic relationship between GVCs and the presence of local technological capabilities. ''Results and Discussion'' section discusses the results and ''Concluding Remarks'' section presents the broader implications of our findings.
Understanding GVCs and Upgrading in the Broader Context of Economic Development
Economic development results from structural change in an economy that shifts labor from low productivity activities (such as traditional agriculture) to higher productivity activities (Ros, 2000) . This indispensable process, however, is not as simple as it sounds. 'Successful' structural change involves not only diversifying activities but also adopting and adapting existing technologies and climbing the technology ladder by continuously upgrading production structures in key sectors of manufacturing (Amsden, 2001; Gerschenkron, 1962) .
In classical economic literature, manufacturing is considered crucial to building capabilities because it promotes cumulative causation that reinforces and increases the pace of economic growth (Hirschman, 1958; Myrdal, 1957) . 6 However, some manufacturing sub-sectors are better suited than others to build and sustain the technological capabilities of the kind required to promote diversified production structures than others (Kaldor, 1981; Lall, 1992; Pavitt, 1986; Prebish, 1950) . Particularly, when learning takes place in manufacturing sub-sectors that call for design and engineering activities -which is mostly in those sectors that are classified as
The European Journal of Development Research medium-technology sectors -it forms the basis of a more virtuous cycle of technological change, prompting synergies and spillovers in a broader spectrum of manufacturing activities in the local economy (Hobday, 1998; Nelson, 1993) . The learning accumulated in these sectors can be used to improve and technologically upgrade existing production capacity in lowtechnology domains, while serving as building blocks to move into more high-technology product categories. Clearly, for developing countries seeking to promote knowledge accumulation, generating learning in such sub-sectors that create the base for sectoral diversification is highly relevant. Over time, steeper learning curves in such sectors, along with rapidly falling costs and growing market shares, lead to economic catch-up (Cimoli et al, 2006) . 7 The task of achieving such synergies in manufacturing sub-sectors in developing countries in light of expanding trade and GVCs is not easy, and at least two important issues arise. First, as Felipe (2010) proposes, there is a 'proximity' in trading relationships, where countries with similar capabilities, technologies and infrastructure are likely to manufacture similar products, thus increasing the possibility that they crowd each other out. Second, exports facilitate technological diversification depending on current specialization patterns of countries: When a country is specialized in sectors that have synergies for learning and technological upgrading, it finds it easier to enter new sectors and industries by trading up (Haussmann and Klinger, 2006) .
GVCs and Upgrading
The GVCs approach offers many insights into how countries can target opportunities in specific sub-sectors to learn and upgrade. There is a wealth of evidence showing that, when firms in developing countries integrate into existing trading patterns, they have ample leeway to move horizontally into other sectors (that demand a similar level of technological intensity), vertically into technological intensive sectors, or stay put in the same sector (Cirera and Maloney, 2017; Taglioni and Winkler, 2016) . The approach also considers the notion of upgrading at length, but mainly in the context of the 'governance' of chains, which refers to the kinds of relationships that develop in the value chain and the power relationships they entail. As studies highlight, governance of value chains is the critical aspect that affects market access, determines the fast track acquisition of production capabilities, dictates the distribution of gains, and often also suggests various policy entry points to change GVC-related outcomes (Humphrey and Schmitz, 2002) . In general, five key forms of GVC governance have been identified -market, modular, captive, relational and hierarchical (see Gereffi et al, 2005) and a wide number of other studies expand on these modes (see, for example, Ponte and Sturgeon, 2014) . Humphrey and Schmitz (2000, pp. 3-4) provide the most basic template for classifying upgrading within GVCs: process upgrading, product upgrading and functional upgrading. While process upgrading involves minor changes, product upgrading (changing the production of new products) and functional upgrading (adding new functions within the GVC) require greater capabilities on the part of local firms (Bazan and Navas-Aleman, 2004) . A fourth form of upgrading -interchain upgrading (introduced more recently in the approach) -offers the possibility of a firm upgrading its products to move into an associated value chain (Pietrobelli and Rabelloti, 2011) .
Strictly speaking, these forms of upgrading cannot be mapped on a one-to-one basis to the processes underlying technological change and do not necessarily conform to the notion of technological upgrading. However, GVC studies provide evidence of successful cases that show how GVCs open up several avenues for technology transfer. In these cases, GVCs enable
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More recently, there have been efforts to link the discussion on governance modes to that on upgrading in the GVC literature. Pietrobelli and Rabelloti (2011) , for example, link the different forms of governance with differential upgrading prospects for developing countries, arguing that modular and relational GVC governance forms may open up wider opportunities for technological upgrading when compared to captive or hierarchical GVCs that are widely found in the commodities or low-technology sectors.
However, while these insights might help explain some aspects of what happens when firms are inserted into particular value chains depending on the sector in question, not all insertions into GVCs carry positive outcomes for learning and technological upgrading, for a variety of reasons (Morrison et al, 2008) . Furthermore, intangible knowledge protected through intellectual property rights is increasingly becoming an invaluable asset in value chain governance, helping lead firms to maintain advantages and gain larger shares of the revenue on a consistent basis (WIPO, 2017) . Therefore, it seems plausible that, while some local firms manage to upgrade, others will lag behind and even face marginalization and exclusion within existing GVCs (see Gibbon and Ponte, 2005, p. 138) .
All these reasons suggest that a narrow view of GVCs is not enough to tell the entire story. In fact, the difficulty in explaining many of these outcomes in a clear way has led many scholars to question the traditional, rather 'linear', paradigm of GVCs, arguing that many such processes are actually non-linear in nature (Horner and Nadvi, 2018) . This is particularly true when viewed from the perspective of developing countries, where there is a need for a more structured discussion on how learning through GVCs can be promoted on a routine, systematic basis, rather than leaving it to the mercy of market outcomes.
The Relevance of a Technology Capabilities Perspective
How firms expand, learn, technologically upgrade and prosper within GVCs is not just a matter of the GVC itself. Rather, learning occurs as a result of the dynamic interactions between the firm and the value chain on the one hand and the firm and its innovation system on the other. The innovation system is instrumental in creating technological capabilities that shape the ability of actors to master and use existing technologies to carry out routine tasks, and to create new products and processes. These capabilities are what dictate learning and allow actors to innovate. Therefore, although the firm is the locus of innovation, it relies on social capabilities which are created by the system of education (especially at the tertiary level) and supportive policy regimes, and on technological capabilities, which are determined by sustained public R&D, the scientific capacity of institutions and the innovation potential of the economy.
As a result, although a firm's performance is ultimately linked to its own technological efforts, it is shaped by the technological capabilities available within the innovation system in general. Technology and innovation studies have created several useful taxonomies for technological capabilities that look at firm-level capabilities Pavitt, 1993, 1995; Lall, 1992 Lall, , 2001 Pavitt, 1984) . There has been a parallel effort to create capability indicators that can measure institutional strengths of national innovation systems Srholec, 2008, 2009a, b; Kim, 1997) .
In our analysis, we use Kim's (1997) notion of technological capabilities which account for a successful and supportive national innovation system, namely, the quality of a country's Ó 2018 The Author(s) 0957-8811 The European Journal of Development Research science base (as measured by publications), R&D investments (as measured by public expenditure on R&D) and patents and trademarks (as measured by intellectual property payments or by patents granted to residents). These capabilities foster collaborative learning in the innovation system, enable firm-level technological change and upgrading and support the diversification of production structures by facilitating continuous product or process improvements that generate MVA.
Hence, the evolution of a country's exports -whether through trade or GVC participationwill equally depend on the local support given to firms to develop their technological capabilities, as it does on international technological progress, competition or collaboration with foreign firms (Lall, 2000) . If over time there is a 'deepening' of national technological capabilities, then we should be able to see two kinds of outcomes: Firms will upgrade technologically within existing activities (producing better quality products), and firms will move to new sectors or technologies with more complex activities (Lall, 2000, p. 5) . In this process, if national capability indicators support the assimilation of ''increasingly complex technologies that are mastered to international levels of efficiency'', this helps create intra-and inter-sectoral externalities (Cassen and Lall, 1996, p. 331) within economies.
Empirical Analysis The Data
The dataset used in this article relies on three different databases: the United Nations Statistical Division (UNSD) National Accounts Main Aggregates Database, the United Nations Conference on Trade and Development (UNCTADStat) and the World Development Indicators (WDI) Database.
The UNSD database was used to compute the dependent variable, total MVA. Trade in manufacturing exports and imports according to technological intensity were derived from UNCTADStat based on the Lall classification (Lall, 2000) . 8 The capability variables used in the analysis come from the WDI database of the World Bank (see Table 1 ).
The analysis considers developing countries (including least developed countries, hereafter LDCs) 9 and contains information for the years 2000, 2005 and 2010 in constant USD.
Model Specification
As it is not possible to construct a balanced panel that contains the same variables for all developing countries for the entire time period, we constructed a dataset for 78 countries for 3 years, 2000, 2005 and 2010 . We ran four regressions per year t, namely, (1) a regression including all developing countries after controlling for outliers (n = 74); (2) a robust regression (n = 73); (3) a regression excluding outperforming developing countries from the sample (n = 65); and (4) a robust regression excluding outperforming developing countries. The same procedure was used for year t +5 and year t +10 . The model follows the form:
where Yit represents the observed value of MVA for country i in year t in constant USD (base year 2005), X 1it denotes manufacturing export variables with different levels of technological intensity for country i in year t in USD, X 2it is the value of manufacturing import variables with different levels of technological intensity for country i in year t in USD, X 3it is the value of capabilities indicators with different levels of technology for country i in year t, U it is a random error term. Lastly, b 1it -b 3it are the coefficients for year t capturing the influence of the different explanatory variables on the endogenous one, while b 0t is the intercept of the model in year t.
MVA, the dependent variable, was measured as the net output of country i after adding up all outputs and subtracting the intermediate inputs invested into production in constant USD (base year 2005). This variable was divided by GDP to control for country-size effects (see Table 1 ).
The explanatory variables consist of trade in manufactured goods classified into technological export/import categories using the Lall classification (Lall, 2000) and four capabilities indicators: patents of residents, scientific and technological publications, R&D expenditure and intellectual property payments. Each trade variable related to manufacturing exports and imports with different levels of technological intensity was divided by real gross domestic product (GDP) to control for country-size effects. This method was chosen instead of including real GDP as a variable in the regression because it allowed us to factor the level of development of each country into the sample more effectively. Capabilities variables, represented by the number of journal publications and number of patents by residents are presented in their logarithmic form to reduce skewness and improve normality, and R&D expenditure is presented as a percentage of GDP. As suggested in Table 1 , we expect a positive relationship between exports of manufactures with different levels of technological complexity and MVA. The same positive relationship is expected between our dependent variable and our capabilities indicators.
Identification of Outliers
Several data points were located far outside the mean of the group. To identify these data points, which are observations with large residuals that affect the dependent variable value in an unusual form, we first calculated the leverage by standardizing the predictor variable to a mean equal to zero and a standard deviation equal to one. Given that the influence of an observation is dependent on how much the predicted scores for other observations would differ if the observation in question was not included, we used a Cook's D to calculate this influence, as those points with the largest influence produce the largest change in the equation of the regression line (Altman and Krzywinski, 2016; Cook, 1979) . In particular, to identify potential outperformers, we applied the following expression for country i in each of the considered regressions:
where n is the number of countries and k the number of regressors. After repeating this exercise for all 3 years and analyzing the outliers, we found four atypical observations that we did not include in the simple regressions for the years 2000, 2005 and 2010, thus limiting our sample to 74 observations. 10 In the robust regressions, we found an additional atypical observation, making our sample size 73 for all 3 years.
11 When comparing regressions with and without these outliers, we found no major changes in the results. Due to the reduced sample size, no causality test was performed in the analysis; therefore, any interpretation of the results should carefully consider causality running on both sides. Moreover, the reduced sample size could also account for the low statistical power of the (2) and (3) of Table 2 present the statistics for all developing countries for the year 2000. Columns (4) and (5) refer to the year 2005 and columns (6) and (7) to the year 2010. The standard deviation for all variables does not show a large spread of the data with respect to the mean (i.e., less than 3 times the mean). Columns (2), (4) and (6) show that the mean MVA for all developing countries decreased slightly in 2010 when compared to the year 2000. However, the means of all explanatory variables increased in this period, with the exception of patents. The data indicate that, in 2010, there was a slight decrease in the number of patents by residents when compared to the year 2000.
The signs of the Pearson correlation coefficients, r, with respect to our dependent variable (MVA) were positive, indicating a positive correlation between these variables and MVA, except for M1 imports, intellectual property payments (IPP) and R&D expenditure, which had negative correlations. This indicates that higher values of M1 imports, IPP and R&D expenditure are associated with lower levels of MVA. Higher values among the rest of the variables are associated with greater levels of MVA. This holds for all years under consideration, 2000, 2005 and 2010. We found a large correlation 12 between the dependent variable and exports of L2 and M3, and the number of publications in years 2000 and 2010. Additionally, a large correlation was found between exports of M2 and MVA in 2010. A moderate correlation 13 was also observed 
Mean (2) SD (3) Mean (4) SD (5) Mean (6) SD (7) MVA 14 with MVA in all years. Expecting relationships between the variables used in the regression, we ran multicollinearity tests with all the variables in our sample before proceeding with the analysis. Our results indicate high levels of multicollinearity among certain variables that would affect the results of the regression if included. This is the case in particular with imports and exports of hightechnology manufactures: electronic and electrical (H1). This variable is highly correlated to imports and exports of medium-technology manufactures, particularly those related to engineering (M3). Therefore, we excluded H1 for both imports and exports from the analysis.
Results and Discussion
This section shows the results of estimating Eq. (1) for the three years considered 2000, 2005 and 2010 as explained in the previous section. Despite having eliminated outliers from our analysis, we found some countries consistently outperforming in the sample. Considering it important to check how the conclusions of our analysis are affected by the outperforming developing countries, we identified the outperformers in our sample (Table 3) , a list that fits neatly with the discussions on emerging economies in the current academic and policy thinking. Graphic analysis that plots the performance of these countries across different export categories (not reported here but available from the authors on request) shows that these countries have managed to sustain export levels and maintain MVA in several technology export categories in a sustained way. For this reason, the analysis was performed for all the developing countries in our sample, including and also excluding the outperformers. Table 4 presents the results of the regressions performed for both samples.
15 Columns (1), (3) and (5) (2), (4) and (6) present the robust regression for these years. The regressions excluding the group of outperforming developing countries (as identified in Table 3 ) are presented in columns (7) to (12) The results show that exports of low-technology manufactures (L1), that is, exports of textiles, garments and footwear, is the only category of exports positively and significantly associated with MVA in 2000, 2005 and 2010 for all developing countries. This holds true both with and without the outperforming developing countries. A graphic analysis of this 
(10) *Significant at 1%, **significant at 5%, ***significant at 10%.
Ó 2018 The Author(s) 0957-8811 The European Journal of Development Research relationship (not reported here) shows that China is the only country that increased its volume of exports of low-technology manufactures while maintaining almost the same level (with a slight decrease) of MVA in both years. In 2000 and 2005, exports of manufactured goods in the low technology category of other products including office equipment and stationery (L2) were positively and significantly associated with MVA, both with and without the outperforming developing countries. However, the relationship between these two variables although positive, was not significant for all countries in 2010 both with and without the outperformers.
The results also show that, in the year 2000, there was a negative relationship between MVA and exports of manufactured goods in the medium-technology automotive category (M1), both with and without the outperforming developing countries. This relationship, however, became positive and significant (at 10%) in 2010 for all developing countries in the sample, both with and without the outperforming countries, indicating that countries exporting manufactured goods in the automobile sector exhibited a greater level of MVA in 2010 than in 2000. This result suggests that learning and technological upgrading took effect not only for the group of identified outperformers but also for the mean of all developing countries analyzed in our sample. The evolution in the assembling operations characterizing the automobile industry in many developing countries is critical in explaining this change, as analyzed by a number of innovation and industrial organization studies of the automobile sector in recent years. These studies note that inbound firms have undergone generational changes to assembly operations of a kind involving more local research and development (Doner et al, 2014; Vallejo, 2010) .
There is a negative and significant relationship between MVA and exports of manufactured goods in the medium-technology category of process technologies (M2) in 2000, both with and without outperformers. In 2005 and 2010, this relationship remained negative but not significant, once again both with and without the outperformers. This indicates that a critical technological sector -M2 -which could serve as the backbone of diversified production structures may not be developed/supported sufficiently enough to facilitate MVA. The continuation of the trend in 2010 lends support to the conclusion that national capability indicators are not strong enough to support this kind of learning in many countries in our sample.
Exports of manufactured goods in the medium-technology category of M3 (i.e., engineering technologies) of a broad spectrum that are critical for diversification was associated positively in 2000 for all developing countries, excluding the outperformers, and in 2010 for all developing countries in the sample, but only when outperformers were included. This suggests that, compared to 2000, developing countries in general seem to have lost ground in MVA exports of engineering technologies (M3) to the outperformers, who emerged by 2010 as leading the sector in generating MVA. The growth of this sector, which is critical for diversified production structures (in addition to M2), seems to explain the rising competitiveness of the outperforming countries between 2000 and 2010.
With respect to imports, none were significantly associated with MVA for all countries in 2000, 2005 and 2010 except for the imports of medium-technology engineering products (M3), which show a negative relationship with MVA in 2010 for all countries in our sample. This indicates that developing countries importing this type of products demonstrated lower MVA at a significant level over time, suggesting that it might be both the result of, and leading to, lower learning and capabilities formation in their economies. These results are supported by other studies that suggest that, as countries acquire more and more ready products, particularly those products demanding substantial engineering skills, they do not present significant learning and technological upgrading possibilities and also eliminate several local firms actively engaged in producing such products, thereby deskilling (UNCTAD, 2013 (UNCTAD, , 2016 UNECA, 2014 We assessed the role of the national capability indicators in the performance of countries in our sample. Our analysis shows that there was no significant relationship between R&D expenditure (which signifies the capacity of public sector R&D) and the capacity to generate MVA in all technology categories in all countries in our sample. The number of scientific publications (which serves as an indicator of scientific capacity) was positively associated with MVA in 2000 for all developing countries with and without outperformers, and in 2005 for all developing countries without outperformers, but by 2010 it was not significant for MVA, also indicating a gradual weakening of innovation system support structures of this kind.
The two variables that were more closely related to firm-level efforts were significantly associated with MVA, indicative of a situation that is common in many developing countries where firm-level performance is not always supported and bolstered strongly by local institutions. This reinforces the argument that more support from the national innovation system to the firms could help strengthen their performance further. The IP payments variable (which denotes the ability of local firms to license existing IPRs from foreign firms) was positively and significantly associated with MVA in all developing countries excluding outperformers in all years. This, however, also shows that there is extensive reliance on foreign proprietary technologies. The variable patents by residents had a significant and positive relationship with value added in manufacturing in 2010 for all countries with and without outperformers, signalling the importance of local firm-level R&D in generating MVA in all countries in the sample.
Concluding Remarks
This article has combined the central tenets of the GVC approach, the innovation systems approach and the traditional discourse on economic development to analyze how technological capabilities as shaped by national innovation systems impact the ability of countries to trade -and by extension participate in GVCs -in ways that facilitate learning, technological upgrading and the generation of MVA. We have analyzed the situation from the perspective of trade with a view to complement existing GVC approaches. Our empirical results indicate that developing countries in our sample are not generating MVA across technological export categories other than category L1 (low technology) and M1 (automobiles). The analysis also identified several outperforming developing countries (coinciding neatly with the emerging economies), which account for most of the MVA in L1 and M1 categories and also exhibit technological diversification into the M3 category (design engineering products) by 2010.
We note two caveats. First, we were not able to use panel data for the entire period, which will be an avenue for future exploration. Second, the findings should be interpreted cautiously given that the sample consisted of 74 (and 65 when excluding outperformers) developing countries. Nevertheless, the analysis leads us to the following general conclusions that deserve further research. First, while countries are integrated into trade and GVCs based on their static comparative advantages, in the countries under consideration there has been a change in capacity to generate manufacturing value added, moving away from those sectors that are seen as critical for capabilities building (M2, which signifies exports in process technologies and M3, which signifies exports in design and engineering products) in the literature on learning and industrial catch-up. While M3 exports shifted from developing countries as a whole to the outperformer countries alone by 2010, there has been a general Ó 2018 The Author(s) 0957-8811 The European Journal of Development Research shift away from MVA in the M2 category for all countries in the sample, including the outperformers.
Second, we find a weakening relationship between capabilities indicators of the innovation systems (both public-sector R&D, as captured by public R&D expenditure, and scientific skills and capacity, as captured by scientific publications) and the capacity to generate MVA in exports in all countries over time. This suggests that national innovation systems need to be further strengthened and aligned more closely with firm-level needs in developing countries in order to better support them to trade and participate in GVCs in a beneficial manner. Patents by residents are positively and significantly associated with MVA in all countries with and without outperformers, showing the relevance of firm-level R&D efforts in the diversification process. In all developing countries in the sample, there is a positive and statistically significant relationship between IPR payments (which denotes the ability of local firms to license existing IPRs from foreign firms) and MVA, once again showing the technological dependence of the countries on proprietary technologies.
Third, our analysis corresponds accurately with the rise of the emerging economies globally: there is a significant overlap between the countries that are outperformers in our sample and those denoted as emerging economies in the wider literature (UNCTAD, 2012) . Finally, our analysis points to the critical role of national capabilities in accounting for how countries benefit from trade and by extension, participation in GVCs. The gradual delinking of export value added from learning is predominantly linked to weak national innovation systems linkages in developing countries and a very worrisome trend. Coupled with the fact that institutional responses have been slow to enable firms to deal with export pressures in certain sectors, and that weak public support for innovation persists (exacerbated by the financial crises of 2007-2008), we conclude that technological upgrading in and through trade and GVCs can be understood and promoted only when considered in conjunction with national capabilities indicators. More work in this direction is required to study how countries can effectively address these issues.
